
SOUND RECORDING AND REPRODUCTION 
SYSTEM FOR MODEL TRAIN USING 
INTEGRATED DIGITAL COMMAND 
CONTROL 

RELATED APPLICATION DATA 5 
This application is a continuation-in-part of U.S paicni 
appl.canonScr. No. 08/289,257, filed on Aug. II, 1994 now 
abandoned. 

3^ BACKGROUND OF THE INVENTION 
The present invention generally relates lo a modular 
device, system and method for storing, playing back and 
record.ng audio data. More specifically, the present inven- 
uon relates to a modular device, system and method for 
reproducing audio data, such as voice and sound effects in 
a realistic manner. 

Ii is, of course, generally known to generate simulated 
sounds in response to external stimuli, such as motion. One 
common industry in which sound production is often simu- 2f 
tated is the model railroad industry. Sounds, such as those 
made by various animals, such as cows, sheep, pigs, and the 
like, arc often reproduced. These sounds are typically gen- 
erated tn connection with a particular car of a railroad to 
enhance the interest and realism of the model railroad. 25 

Another example of sounds being generated in coniunc- 
uon wuh model trains is the heightened realism attained 
when used with a steam or diesel locomotive. In the past 
when sound features have been controlled in conjunction w 
with a model locomotive, methods other than motion have 
been used to turn these types of sound effects on and off 
Some of these methods have been: DC voltage superim- 
posed upon an AC voltage, magnets, reed switches or Hall 
effect sensors. The use of radio signals or a carrier control „ 
signal superimposed upon an AC or DC voltage have been 
used as well. Furthermore, a separate controller, which 
var.es cither AC or DC v 0 li agc or current, was required to 
control the speed and direction of the model train. There has 
not been a means to integrate all simulated controllable -n 
(unctions a model train may have into a model locomotive 
or car. 

A need, therefore, exists lo realistically reproduce and 
control sound effects, cooirol model train motors and special 
effects. This need can be best filled by using a sound unit and 45 
Digital Command Control for controlling simulated sounds 
and simultaneously control propulsion of the model trains 
Digital Command Control is a type of control that makes use 
of a digital bi-polar signal to control model trains. As defined 
in the NMRA Standards, the National Model Railroad 50 
Association baseline, Digital Command Control signal con- 
sists of a stream of transitions between two equal voltage 
levels that have opposite polarity. Alternate transitions arc 
separate binary bits in a transmission stream. The remaining 
transitions divide each bit into a first pan and last part. Use 55 
of this format gives the hobbyist the most choices for 
controlling aspects of a sound unit mounted in a model train 
as a self contained unit or in a track side structure as a 
accessory. 

An example of a known sound effect producing model 60 
railroad car .s described in U.S. Pat. No. 5.267 318 to 
Scvcrson et al. The '318 paten, teaches a speech synthesis 
circuit for playing selected cow voices stored as digital data 
m an EPROM. In a random mode of operation, a state 
generator provides a pseudo-random count that is used to 6 s 
select among four different cow voices, one of which is 
silence. The resulting audio output is perceived as random 
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among four different cxci.ed cow voices 

uJ"ol 1 | , hcTo a L emb ° di r en ' ° f ' he Pr " enl inven "°" 
c^et the Mn, repr0d r ,0n appa "' US ' " s ' Wmen, 
con Lm P ' Cnl ,S ,h " no mo,ion couniei. micro- 

'o a lateral movemeni of the sound car The simni, ,L 
,, men, of the car is ,„ lha , , needed ,„ ^ 

'he sound memory ,o playback simple sound effects 

eueftsior model locomotives have only utilized >n ctcr„~ 

.7™ X' m V 0i '° C ° mr0 ' ,hc Vnchron ed sound fun" 
:n '-ons whW lhe presem invenlion con(roU ^ r ""< 

d'di3 n °, f nd he f °"r^ : "^ "^"35 

ior all speeds, lhai i\ conlrolled using an opio-scnsor 10 

H,fi- L inc P fC scni\invenhon overcomes ih,« 

combination of magnets .ha, are in, V J l°* V *"° ui 

™ r u Placed ...-.^^J^Vfcrpor 
The 216 p„eni system does no. allow fo,\ny random 

,5 cttccis. The 216 paicm relics upon a variable Xc or nr 
vol.age .o con.rol .be frequency of lhe 5 

sound reproduc.ion circuitry. Because of the vTriM V 

range. , swuchable power supply" 1S needed ,0 C h,t 

variable .rack suppl.ed power lo supply v 0 lta« fn, ,Z 
crcunry and regvla.ion of, he chuff o d eseTsoJnd 
u ^^-ble ,o opera, slow pro.otyp' spled^^ 




3 

above deficiencies. One known system that alternated 10 do 
■ his is taught in U.S. Pal. No. 4,914,431. | n .his patent the 
motor controller device is used with AC-powcrcd model 
trains where typically these types of trains make use of 
variable AC voltage to control the speed of a locomotive , 
typically described as "Lionel trains." Furthermore, these 
types of trams make use of a three-position switch thai is 
controlled by a solenoid to deicrmine forward, neutral or 
reverse. This unit is called a reverse unit, which the '431 
patent is designed to operate exclusively. The scope of the 
431 patent is intended to sync the electronic reverse units of 
a master and slave locomotive. Furthermore, the control 
system uses state generators for expansion of the remote 
control effects found on a model locomotive. This is accom- 
plished by simply using a positive and or negative DC digital s 
pulse repeatedly applied to create and to control a plurality 
of state control signals. Although each motor controller can 
operate up to sixteen stales, only four slate generaiors arc 
enabled for use. This pulse signal is superimposed on the AC 
motor control supply voltage and can only control one set of , 0 
special effects per usage. Another deficiency of the '431 
patent is that, in its preferred embodiment, only two 
addresses arc possible: a master and a slave. I*he '431 patent 
is not designed for multiple locomotives in use in multiple 
combinations. For the operator of DC powered irains these ,< 
deficiencies make the device unsuiiable. Finally, this system " 
to control motors and sound effects is a proprietary system 
and does not inicr-opcratc with any control system other 
than those for AC-powcrcd irains. 

Another known patent that attempts to control speed M 
sound and special effects in more than two locomotives is 
U.S Pai. No. 5.4^1.223 to Young. In this patent, an RF and 
an clcciro-magnctic signal arc used in conjunction with a 
tr.ac to control speed of AC powered locomotives. The iriac 
is modulated and turns the AC power on and off for speed „ 
control of ihc addressed locomotive. This system is designed ' ' 
specifically for "Lionel" brand trains. Reverse compatibility 
is required to operate previously made AC trains thai use the 
inrec positron reverse unit. As in the '431 patent Ihc ">23 
patent uses a switching circuit to control ihc reverse unii 40 
using commands. In a further attempt to preserve reverse 
compatibility, the '223 patent may still superimpose upon 
the AC motor control current a DC offset for control of 
whistle and bell effects on non-rcccivcr equipped locomo- 
tives. Due to the need to control the reverse unit and the DC j< 
offset, any other type of model trains, that require DC 
current for motor power cannot use this system. In addition 
to the limitation of operating AC powered irains only the 
quantity of locomotives the hobbyist may opcrale with this 
system is limited to ten. There are additional operational < 0 
limitations to this system: it requires a hands on approach to 
access a sw„ch, to place the locomotive in a programming 
mode, a manual switch needs to be accessed, the inability to 
tailor locomotive motor performance characteristics such as 
acceleration and/or dccelcraiion. and inability to tailor sound 55 
performance to personal preferences. 

There arc also three other known U.S. patents ihal make 
use of a command control structure for only motor control 
One is U.S. Pat. No. 4,572,9% to Hanschke e. al. This patent 
makes use of a Digital Command Control format, but is 60 
limned in scope due to iLs limited address capabilities and 
the lack of hobbyist programmable features to enhance 
performance of the locomotives and sound systems. Like the 
431 and '223 patents, it is a proprietary system that uses its 
own protocol. Furthermore, the '996 patent lacks the ability 65 
to operate other brands or Digital Command Control receiv- 
ers which limits it usage. 
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U.S. Pa i No. 4335.381 10 Palmer makes use of a com- 
pos.ie waveform, again demonstrating the propriety nature 
of these types of controls. Furthermore, the data portion ,s a 
burst that ,s attached to the back of the waveform that 
5 actually powers the devices attached to the controller Th,< 
system although flexible, appears to be limited in its address 
capabilities due to the method of selecting addresses for 
each receiver, and the quantity of data bits appears to affcci 
the amount of power available to power motors and ancillary 
io dev.ces. Like the "996 patent, it is limited in iis preferred 
embodiment to speed, direction and inertia. 

VS. Pat. No. 4,341.982 to Lahti el al. makes use ol a 
carnV control signal. This patent uses DC power for pro- 
^r-ir is puisic \ of lhc modcI locomotive motor and simply super- 

impose\a selected modulated frequency on top of the DC 
power, 'toe superimposed control signal is a band width 
equal to toe highest frequency of the carrier control .signal 
wmch is ecfeal lo the highest selected carrier control address 
I his systcm^s deficiencies include no easy way io chance a 
_ locomotives \ddress. limited in band width for addre« 

i«? range operand characteristics of the motor controller arc 

; £j limited to: direction and deceleration only, and no provision* 

i r? for addll 'on*l features to be actuated remotely, such as 

••J! , $ operaiion of a soiled unit or special lighting effects. 

[ U ' sccn bv lhc al *>vc patents, prior an exists; however 

i -y each makes use of a proprietary format that only operates 

^ each manufacturer's or inventor's devices and are limited m 

% operational characteristics. The present invention, on the 

jo conlraf y ; operates across any manufacturer's control syv 
terns as long they observe the NMRA digital formal now m 
practice. 

!U . Thc , prcscm invcn "'on overcomes the above shortcom.nus 

^ by utilizing a micro-controller that decodes a discreel 

y I J5 b, -P° lar d 'G'(al command directed to its specific address lor 

O COfl ' r ° 0f: suund cQfc ^. speed regulation, direction of a 

.7k m ° dcl locom ot>vc and control of on-board special effects In 

■&? addition, the constant vohage supplied to thc track is abk i0 

U \ u PP'y a constant voltage from a regulated power source to 

15 40 lnc P^sem invention at all times, no matter what the speed 

of the model locomotive. In addition to the simple features 
as outlined, the hobbyist also ha* access to certain regisiers 
that may be used to customize a model locomotive's motor 
control characteristics and sound features, 
45 The previously mentioned micro-controller uses in this 
embodiment, a prescribed packet format that includes speed 
direction and accessory/special effects commands. The pre ' 
ferred digital format that is used is dictated by the National 
Model Railroad Association. By using this format .he 
so present inv Cnll on is able to inter-operate with control sys- 
tems that are currently on the market and is not dependent 
on a proprietary control system. However, various diciial 
formats exist for the use of model train control, and .he 
present invention can be adapted to these as well. All aspects 
55 of the present invention may be controlled in a "hands-clT 
manner by executing various addressed commands that arc 
sent on a plurality of tracks as a digital signal to a specific 
model locomotive. The only limit on this type of invention 
is the size of thc micro-controller and sound memory 

60 

SUMMARY OF THE INVENTION 
The present invention can be executed in two 
configurations, the first uses only the sound reproduction 
apparatus. The other configuration uses the sound reproduc- 

Sn^T" 5 l nd 3 digi ' al COntro1 dccodcr whic « is useful 
when used w„h model trains that use Digital Command 
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In i he first embodimeni. the sound storage and reproduc- 
•on scclion of the present invention is u/ed to genera' a 
ound wuh or w.thou. external stimuli, such as being used 
to a sound-produc.ng. model railroad car. Moreover the 
,«^ f en *? ,n ? n ' provid « » «y«en. and , method for ■ 
svnch'r?„o " d P' 4 * 1 * back the audio data in an ' 

asynchronous manner. Th.s embodiment provides a simplj. 

s.orage chip. In the preferred embodiment of the present 
in vent ton ,n EEPROM is used, that uses Direct Analog „ 
forage Technology (DAST- by Information Storage 
Devices) which makes an analog recording of the audio 
information. 

V ,v\'a- >he T >e embodime "< of 'he sound storage section. 

l h 'jY' 0 ' sd, f mKdandco '"P^.«dvo« i: 
PPrA S epS ,n rec °fdtng (he information onto a digital 

^> J'™ > \ 3 ?' 2 35 J SOUnd 8 ene «'or. For playback, a 
^ d.g.tal toynalog conversion is necessary to convert the 

digitized .information into an analog wave form. The pre- :< 

EEp' nMX"' ° f lbC preSem inVen,ion uses »" »n«log 
EEPROM .h* does not require any of these intermediate 
sicps So the Vcscnt device simplifies the recording and 
playback opera.\n for this type of application when used in 
the preferred embodiment. 2! 

Furthermore by the addition of a microphone to the " 
preferred embodimeni. the consumer may add his own voice 
>o the pre-recorded material to tailor the sound effect in some 
applications through the use of the DAST™ EEPROM that 
permus recording and re-recording of additional voice or M 

nicety I f eC ' S ™ S addili0nal V0ice informaiion may be 
blocked from overwriting ,he pre-recorded material on the 

^Tf^f^^ capabilities the 

When the device is executed in the second configuration " 
using D,g„al Command Conlrol. .he following functions 
nuy he accessed and controlled: sound, speed, acceleration 
deceleration, direction and any special effecis. In a preferred 
embodimeni, a plurali.y of sound effects are stored on a 
sound storage device at predetermined addresses that 40 
employ DAST™ technology 10 slore an analog sound effect 
These same sound effecis and principles may also be utilized 
using a d.gital I type of sound s.or.ge chip and a Yamaha 
YM3812 sound generator, as an example. 

An addressed Digital Command Control signal is ampli- 4i 
lied pnor to being placed on the rails to a suitable amplitude 

!n,«,TH lhe J° Und Uni '' S » nil °8or digital sample memory, 
.n.egral decoder, power the model locomotive s motor and 

K T- !' Ch S ? Und Un " USes a discrele ld *ess *° 50 
inn .1 may be tndependently controlled, and multiple sound 

units may be ,n use by the model train operators. Each model 
ram operator controls the following functions of his par- 
..cular sound unit: all sound funclions. model train motor 
control, and on board special effects. 

The present invenlion makes use of prescribed digital " 
conlrol packer that are addressed to a .sound unifs decoder 
and broadcasted through either iwo or three model train 
rails, an overhead track wire or a buss line for reception The 
present invention decodes multiple broadcasted digital pack- M 
£ of which one w,|| match .he sound unit 's preset address 

s^c^ffT' aC,iVi '" a PP ro P ri " c s °«nd. light oro.her 
special effect or ms.t.uies changes upon motor speed or 
d.recnon based upon the information contained within the 
m, C v he < d,8 i ,a " y broadc " ,ed P'^els. The sound effects 65 
£ L T ' ° n ° US U$m8 ' he Speed packels 10 °'>«mine a 
sound effec. or asynchronous if a bell, whistle/born or 
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ortm°inH d S T d effeC ' * ac,iv " ,ed - A ™>'°' 'P«d packet 
ol zero md.cales a stop condition. Any of the sound unii f < 
decoder function, allow sound, motor con, ofo s« c M 
effects funenons to be acted upon by .he decoder a^anv 
s random oca „ ^ ^ ^ J cod*, a an 

e bJ, ,r d :r, m,ncij ' oca,ions - ^ 

ot. out are not limned to, the chuff sound of steam 
locomottves. blow down, air compressor pumps. gene atoT 
Eel™ * S " e - S ° UndS Which <*m » S 

me^lhip " h ° fn ™" aLS ° be M lh < 
• The motor control aspects of the sound decoder change 
■ he speed and direction of the model locomotive based upon 
,5 information contained within the decoded digital packets 

wh^b a model locomottve .aiccs ,o achieve maximum speed 
from a full stop. A preferred embodiment uses a digital 
format prescribed by the National Model Railroad Associa- 
3 " 7 " . C . ^o fren " y a "° WS f ° f ,hree differenl ^ced reso- 

of s^ed .I 8l a " d 128 SP " d $,epS - ,b < ™Z> 

of speed steps in a given resolution, the more precise the 

motor control w.il be. n, e motor control aspects of the 
Si I T y K aC ' direC " y u P° n * P r °P e "y d«oded 

" wSh' P k l ,he " ,ranS ' a,e ' he inf °""''i°n contained 
^ ' I piCke ' , ,nl ° 'PPropriate speed and direction. 
Alternately, several registers of the serial EEPROM that the 
micro-controller can access known as "Control Variables" 
may be used to modify the information contained within the 

30 decoded digital packet prior to the translation into an appro" 

nuZ SPe6 r eC "° n ° f (C " m ° ,0r noise xnubhi "8 '""he 
purpose ol motor control. These registers may be fixed in 

olT"71 P , r °f I™™"' by Ihe taW*"'- Some examples 
ol these Control Variables, but no. limited to. can include 
. J5 acce.era.ion. decelerate, s.an voltages, motor response 
curves and motor noise snubbing. These Control Variables 

oo^tiln^ USCr '° ,ail0f 3 m ° del '° c °™.ives motor 
operate charactensiics to personal preferences, often 
enhancing .he operation of the device. 
40 -Certain Control Variables are also reserved for use by Ihe 
souftd aspects of Ihe device. 'I hese Control Variables may be 

hnhhX 5r W *A e ° r ,l,erna,ive| y Programmable by the 
hobbyV These Control Variables allow , n end user ,o tailor 

^ < nf? C X 0rnO ' i r S ' SSOUnd " peC,S,0 P crsonil P rcf "ences 

\ 45 * " n "T, C,n8 ,he °P e,J,ion of "« device. By utilising .his 

^G59V parttcularVeature. momentum effects may be replicated 

T=rT \ »«e»i\or dtesel sound effect. In addition, .he oZ 

^ y ThI ,dj \f ICd rCm0 ' Cly ff0m ,he h « nd con.ro..er.l 

ddit.on .o \t sound and motor control aspects, special 

to hghts. diffeVni flasher beacons and smoke effects. Each 
of the sound u\,t aspects that may be controlled by the 
mode train enlhVs.as. are addressed by specific erouos of 
digital packets foWtc sound unit/ln other wo^ any 
55 of the sounds or tyfc, of movement which a real locomotive 
mak are now poss.W in ,he model world. The previously 
menl.oned sounds and con.rol of .he model locomo.ives 
propulston may be eWd in combinations or in ape 

60 w„h,n the discretely addressed sound uni. o, units are 
accessed through a hanc\con.roller provided by a D.gi.al 
Command Control manufacturer. 
V ' - V fifs . ,sle P creating Ihe sound effects for the present 

6J ,n ff ve V n 15 lo « c °' d the ac.ua. sounds of the animals £*nd 
-j=:^ \ " effecAsteam or diesel locomo.ives. These sound" are 
-=> y m.stereVand edi.ed for use in ei.her configuraWon o f he 

presem \ven,,on. The sound effects ,ha. are used in he 
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asynchronous sould module are ihen simply recorded omo 
enl r ' P 0 ° r : h eCa " I 5 '" 8 ' he enab ' in 8 ™>nsof ,he Hall cffcci 
ConTrol c«„ fi « 'r $ °' sensors - "* Digi.al Command 

accnmnl^h nf 7 ° n> J he rCC ° rdinB 0f ,he sound is 
accomplished hy/recording all necessary sound effects from < 

a speah^ ivpe ci ,he ac.ual locomotive, whe.her diesel or 
s.eam. When a ipecific diesel locomotive"* sound charac- 
teristics are recorded and paired to a matching model the 
d,s linc t sound /harac.eristics are carried over to the model 
setting g,v in gi un.que sound to each locomotive. However „, 
steam locomotives vary in driver wheel arrangements and 
phys.,,,1 siz y Ik* two ,hing s determine .heir sound 
cnarac.er.sl,/s. so varying the steam locomotive types 
recorded w,(| give each steam locomotive a distinct sound 
So recordm* the different manufacturers" models gives the ,< 
hohhy.s, ,f ab ,|i, y lo paif lne correc , mo|or ^ |o '^ 

«i? Simply ' 8 Cneric " previously 

offered. Inhhe Digital Command Control configuration the 
recording/of the sound effects arc accomplished by record- 
mg all neiessary sound effects from a specific type of actual ,„ 
locomo.Xe Tor use wj lh a model of the actual locomotive or 
i3 W k T 7l' Ve " SC1Ual ™ nufi > c ' u 'er-s family of locomotives 

- whe.hej/ diesel o, steam. Itiese sound effects are then 

' - ["l S 'V^ 3nd lht ' f localion 'he sound memory is estab- 

i/1 lishedlllie^r recall is ,hen accomplished in the Digital „ 

>S 7^1^ Su' 0 * emoodimenl °f the present invention 

.r, lhf< T^ lhc fol '™""g Meps using a steam locomotive as an 

: y= example. 

P The chuff sound effects of a steam locomotive need lo be 

jj synchronized with the movement of the steam locomotive's v, 

£ dnver wheels. One method to accomplish this task is to 

I-* utilize the properly decoded digital speed control packets to 

control a s.mula.cd chuff and exhaust sequence which 
;S _ corresponds to ih< speed or the locomotive. Rather than 

simply us ,ng one generic steam chuff, the chuff of the 
'■" ^"''nven. ion uses multiple speed recordingsof an actual 

q locomotive. n,ese recordings are used at similar speed 

■ !"' erVals °" lhe modtl '~omoiive so. as the speed increases, 

there is a change in the frequency and amplitude of the chuff 
U This is in contrast to the operation of previous sound units . 0 

.= Tor use w„h model trains which simply reproduced . single 

chuff sample a. different speeds by varying the on (chuff) 
and off (exhaust) rate according lo the voltage applied to the 
track to set the speed of a model locomotive. Instead of .he 
track voltage controlling a single chuff sample, .he chuff J5 
on.oB ra.c in (he present device could use the DCC signal 
and the following alternate methods. The single chuff 
sample would change speed through (he use of a variable 
osc.llato, controlled by the speed packets producing a cor- 
responding speed sound effect. Or, using a single chuff 50 
whose rate is controlled by software stretching or reduce the 
amount ol exhaust between chuffs as done in digital sound 
edmng software. Using the previous two examples, there 
can be many devia.ions lo the present invention using single 
or mu .iple samples to reproduce a corresponding sound „ 
effect for recall. " 

Ve samples made for the chufTsound effects may also be 
!W d for ' he '^olive's air brake |Q simu|a|e 

d ' ffer r 7 fk la>d *- Ff » ««nple. when a steam locomotive 
7=X. \ ^jrclL there arc various hissing sounds, and the air pump 60 

J ^ cl « V S ' OW rale - However, when (he speed of the 

^ locomotiAincrcascs. , hc hissing sounds change to a chuff 

sound. As pVv.ously mentioned, the chuff sounds increase 
in frequency \nd amplitude in the present invention. As the 
chuff changes. \he air pump cycles increase in frequency as 65 
well due to the sVnula.ed increase in steam pressure. These 
same d.gual packed which contain the information to select 
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»n appropr.Ve locomotive sound effec. based upon speed 
ate motor spe\ed for conirol of both aspects 

In addition i to the chuff sounds and air pump, .he steam 

may be represented. Th,s sound effec. may once again be an 

h 2 1 fUnC "°" or ,he sound u "i' oc under ,he wnlrol of 
■he model tra.n enihus,»st. In lhe au.omalic mode of cnniml 
ih« type ot sound effec, « typically triggered by the absence 
, 0 ol a properly decoded dig.tal packet "rhis also can occu, 
upon power-up. during a reset condition, or the decode, 
scns.ng a zero speed packet lor a stop condition. The other 
use for this type of effect is to mdicate that the broadcasting 
tZT,* no, *" { ,n *'h« P~P«' P««k«U. In the case of a stop 
condition ihe blow down effect is tnggered for , fixed 

effec7 AT 'J? ' hCn ,UfnS " SClf 0ff To 'C.ivatc 'he 
h^K • l bl K y iddresMd wn.rol packet is activated by the 
hobbjr.ii. and .he blow down effect will , e „v„e ,„d remain 
on until the sound effeel is switched off. Mile additional 

» ^"he ' modef f |' he l"" M *" °P = 
by lhe model tram enthusiast. These sound effects arc 

XT K 1 I S 'T'": f " hi0n fo ' ,n * c,ul1 locomotive, where 
otraf L' hlVC "° P rede,e ""ined sequence of 

operation, and as long as the button for each sound effect is 

« wK/hlT"" "■!"' 10 P ' ,y Howev "- "he bell and 
^-stle/hom may utilize a programmed sequence for typi- 

control methods used for a steam locomotive can be applied 
to a diesel locomotive as well. The hobbyist also has the 
option to mute ,he chuff/motor sound effects by using a 
M function but.on on the hand controller. This feature when 

ZIT TV model ,riifl en,husi "' to - 

the bell and whis.le/horn sound. 

is I^T*'' 10 s y nchro " ize "he speed of .he chuff 

is to employ , mechamcal. magnetic or elecro-mechanical 

35 device to allow the microcontroller to sense the revolutions 
of the locomotive drive axles. A preferred embod.men. of 
lhe al.ernale means to synchronic the sound effects to .he 
speed or the model locomotive is to use a Hall effect sensor 
losen.se the rota, ion of lhe s.eam locomotive's dr.ve wheels 

40 , V V !? e accom P |ish,:d ^ Pacing a magne.ic s.ripon the 
rear of , drive wheel. When the Hall effecT senses a chan« 

« H ^ 8nC J iC «r fiCldl " Pr ° mplS ,hc ?**y** Of a chuff 
sound. The chuff sound effect played back is determined by 
■wo factors: the first is the change in the magne.ic field to 
iS determine the rate of play back, and the other factor is the 
fir"! f Peed . P 'f?' de,erminin 8 proper speed sound 
memory ' COn,! " ne0 ' wilnin lhe »n»log or digital sound 

so To this end. in an embodiment, a system is provided for 
play.ng back pre-recorded audio and for recording add,- 
ST-E ^ ,h \ hobb * M ind P'»yi" S back ,11 recorded 
sounds. The system has , power .source and a sound module 
means having „ | easl one charac.eris.ic sound recorded 

„ thereon and opera.tvely connec.ed to the power source An 
asynchronous enabling means activates the playback of lhe 
1 T T chi " c,erU,,c ™« d rmm the sound module 
means. The enabling means actuates the playback upon 

* C ° ndi " 0n ' hCreby pr0vidin 8 » signal to .he 
oo sound module means. 

In an embodiment, the enabling means is a Hall-effec. 

he sys.em hjrlher has a magne. and a pendulum on which 
he magne. ,s suspended wherein motion causes the maene. 
65 .o transpose resul.tng in the change in .he magnetic field 
In an embodiment, the system further has an expanded 
memory operatively connected ,o the sound module K 
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In an embodiment, the system further has a microphone 
constructed and arranged for the hobbyist to record the at 
least one additional characteristic sound directly to the 
sound module means by the hobbyist. 

In another cmbodimcni of the present invention, a model < 
railroad car system is provided including a plurality of cars 
at least one of the plurality of cars capable of producing 
simulated sounds. The system has a power .source providing 
power to the plurality of cars and means for producing sound 
connected to the power source. The means for producing 
sound is capable of recording and playing back sounds. An 10 
asynchronous aciivaiion means is constructed and arranged 
to prov.de an enable signal to the means for producing sound 
resulting in playing back one of the sounds. 

In an embodiment, the activation means of the model 
railroad car system is a magnetically responsive sensor 15 
constructed and arranged near a magnetic field wherein the 
magnetic field may be altered by a magnet. 

In an embodiment, the method further has the steps of 
proving a magnetic source; creating a magnetic field; and , n 
providing a magnetic responsive sensing means responsive 
to changes in the magnetic field to thereby generate the 
signal. 

Another application for the alternate embodiment is a 
sound reproducing device wherein a microphone may be „ 
connected to a consumer device for the home, such as a " 
doorbell or audio-type message pad. 

Ii is. therefore, an advantage 0 f the present invention to 
create a modular sound recall and play back circuit to adapt 
to a variety of applications for producing sound. 30 

Still funhcr, an advantage of the present invention is to 
provide a system and a method to internally activate audio 
in the first embodiment without the need to externally tricccr 
the at least one sound. 

And, another advantage of the present invention is to 35 
prov.de a system and a method to trigger or activate the 
sound module using the same circuit design. 

Another advantage of the present invention is it will 
decode multiple broadcasted digital packeis of which one 
will match the sound units preset address. <o 

pother advantage of the present invention is that it may 
sce one match for the sound unit's preset address and may 
activate an appropriate sound, light or other special effect or 
institute changes upon motor speed or direction based upon 
the information contained within the digitally addressed and 45 
decoded broadcasted packeis. 

Another advantage is that each model train operator has 
independent control of the following functions of their 
particular sound unii: all sound functions, model train moior 
control, and on-board special effects. 50 

A further advantage is the sound effects may be synchro- 
nous using the speed packets to determine a speed sound 
effect or asynchronous if a bell, whistle/horn or background 
<r\ S0U " d Cffccl ls acl,va «cd for the decoded digital packei 

N tl° thCr advanla 8 c of ,hc Present invention is the use of " 

flS) S multiple sound samples to emulate the change in speed and 

^^s^ worlJ load. 



Another advantage is automatic modes of control for 
specific sound effects. 

Another advantage of the present invention is any of the 
sound unit's decoder functions, i.e. sound, motor control or 
special eflects functions, may be acted upon by the decoder 
at any random location around the model train setting and 
are not limited to predetermined locations. 

Another advantage of the invention is the motor control 
and sound aspects of the sound decoder may be simulta- 
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pace, inlo .J'.S^K S3 , r d nff d Wi,hi " ^ 

* ee^om^T* 8 '" ,hc hobbyisl hls re 8 islc " in ■ 
,„ "<*" «*■ a i*^ ' 

thai make use of ,he NMRa packe, formal X 

25 dr° n w° gf PreS<n " y PrefCrred ind f^ -he 

BRIEF DESCRIPTION OF THE DRAWINGS 

DETAILED DESCriptiom nc -r,.r- 
„ PRESENTLY PREFERRED EMbOdSInTS 

P £l7ZlZ n Vol TSTn*" an embodimen ' of ,h « 

nuon, MOS. 1 aod 2 illustrate assembly vi cws of 
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a model railroad car encompassing one embodimem of the 
present invention. As illustrated in FIG. 1. an exemplary 
model tram car 1 is shown. The model train car l in J u0 J H 
a Plaiform or base 10 opcratively connected to a plurality of 
wheels 12 as is generally known. The base 10 includes a « 
printed circuit (PC) board for conncciion of electrical com- 
ponents thereon, AJthough not illustrated, the ciccincal 
components hereinafter described arc typically enclosed 
within a housing such that the model train car 1 encloses the 
components and provides a decorative appearance in its w 
ordinary usage. 

The base 10 includes a PC board for electrical connection 
of components thereon. One of these components is an 
analog sound storage processing chip 14 manufactured by 
tor example, Information Storage Devices (!SD). The pro- is 
cess.ng chip 14 is provided with UAST'" analog memory 
for storage following recording of various sounds recorded 
thereon or for subsequent reproduction of the recorded 
sounds. Connected to the processing chip 14 is an audio 
amplifier 16 and a sensor 18, such as a Hall-effeci sensor as 20 
illustrated ,n FIGS. 1 and 2 having a northern polarity Of 
n Tc™ thCr ? CnSOrS ° r activa,or * ™y he implemented. The 
DAST " analog storage chip 14 also includes an internal 
microphone amplifier 38 (FIG. 4) external to or built into the 
chip 14. The microphone 38 enables recording of additional 25 
desired sounds on the chip 14. 

An integral part of the sensor 18 includes a non- 
conductive and non-magnciic pendulum 24 and a magnet 26 
suspended above the Hall-effect sensor 18 by a hanger 25 
A battery 28, such as a standard nine volt battery, is provided 30 
as power tor the system. An on-off switch 30 is further 
prov.dcd to activate the system. A regulator 32 is provided 
io provide five volts of pow cr from the nine volt battery 
source. Further, a potentiometer 34 is provided to regulate 
the volume level. 35 

The details of the sensor 18 are more clearly illustrated 
with reference .0 FIG. 3. As illustrated in FIG. 3, the sensor 
lb I includes the hanger 25 supporting the pendulum 24 
wh.ch swings freely on the hanger 25 with a magnet 26 at 
the distal end of the pendulum 24 opposite the connection of 40 
ihc hanger 25 to the pendulum 24. The pendulum 24 and the 
hanger 25 arc. in a preferred embodiment, a non-magnetic 
non-conducting wire armature. The hanger 25 is mounted to 
the PC board 10 as illustrated. The magnet 26 swings freely 
above the Hall-effect sensor 18. a5 

The Hall-effect sensor 18 is operable to produce an enable 
signal when the object, such as the model train car 1, begins 
to move. When the movement ceases, the switch remains 
open until a forward action or a reverse action takes place Crt 
The polarity of the magnet 26 and the Hall-effect sensor 18 
must match lo induce a closure of the switch. That is, the 
Hall-effect sensor 18 and the magnet 26 must be in align- 
mem. In addition, since the wire armature is constructed of 
a non-magnetic material, the suspended magnet 26 remains 
centered above the Hall-effect sensor 18. Therefore move- 55 
mem in the system creates a disturbance between the Hall- 
effect sensor 18 and the suspended magnet 26 on the 
pendulum 24 resulting in production of the enable signal 

-or^ , ^r P c r SSinS ChiP U 10 PUy b3Ck lhC * Und « 

FIG. 4 illustrates a diagram of the components in black 
hox formal and m schematic diagrams in FIGS. 5 and 6 

either on or off by the swuch 30. When power is provided 65 
o the system, the voltage regulator 32 limits the voltage to 
the analog processing chip 14 to five volts. The sound 
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module DAST" an a ] 0 g processing chip 14 is ac.ivn.ed bv 
■he sensor 18 as previously discussed. The sensor 18 mav be 
a Hall-effect sensor 18. 

^hen any of ihe sensors or switches are aciivaied the 
sounVmodule DAST- analog chip 14 produces an „u.p U . 
which\js amplified through ihe audio amplifier 16 and 
suoscqu&nlly passed ihrough ihe compander 20 and finullv 
io the speaker 22 as an audio output. The sound module 
analog storage chip 14 further includes internal memory tor 
storing of pabular sounds that may be supplemented with 
additional memory as illustrated at 36 in FIG 4 The 
additional mcmoV 36 allows for additional sounds and 
greater lengths ofW for recording sounds on the .sound 
module analog proAssing chip 14. An external microphone 
38 may be connecters an input for recording of sounds on 
ihe chip 14. Alternately, , hc OAST™ chip 14 is provided 
with a built-in microphone for recording of sounds thereon. 

The present invention will be described with reference to 
a livestock sound module used with a model railroad car 
which plays pre-recorded messages when aciivaied 
although it should be understood that any environment 
requiring playback of sound may implement the sound 
reproducing and recording system of the present invention 
Up to six basic components or sections may be implemented 
io perform the features embodied by the principles of the 
present invention. 

The first section is the power supply previously described 
The power supply when used with a model railroad car may 
run off of track voltage wherein the power is ,npu. to a 
Mi-wave bridge rectifier and a capacitor acting as a filter 
The oulpu. ,s then connected to a voltage regulator. The nine 
voii DC input from, for example, a nine volt DC battery , s 
tied ,n at a node ihrough a diode. If a nine volt bancry * used 
35 in conjunction with the track power, the battery acts as a low 
voltage backup keeping the module voltage up when the 
track voltage drops off or shuts off. Power is switched to the 
module via the SPST switch. 

^1™"'°^ SCt:li0n of lhc P rescnt invention is the 
40 ha £J* ? g S ° Und cffcClS chi P and audi0 expander. The 
DA>H« analog sound effects chip is capable of storino 
between twelve seconds and 120 seconds of analog data in 
a nc n.volatile analog memory. Various audio messages can 
be frogrammcd into the sound effects chip. The library 
45 mcs ages arc stored on, in a preferred embodiment, a digital 
aud, > tape. When the messages are programmed, the analog 
audi. » signal is played back at a pre-recorded level and sent 
throigh a compressor. A compander is used in the present 
inver tion which reduces the dynamic range of the signal 
50 before »t is recorded into the chip. When the sound effects 
arc p ayed back from the chip, they are played back throuch 
an au J.o expander. *ITie expansion does two things: the audio 
is exi anded and the signal is restored to its original dynamic 
range; and when the audio is expanded, low.fcvel audio 
notse tn the system is attenuated giving an improved signal- 
to- noise ratio. 6 

The third section of the circuit is the audio amplifier In a 
preferred embodiment, the amplifier is an LM386N-1 The 
output of the audio amplifier is capacitively coupled io a 
oo volume potentiometer, wiper of the potentiometer is the 
input of the amplifier. The output of the amplifier is capaci- 
lively coupled and connected to a speaker. 

T^c fourth section of the circuit is the message activation 
or chip enabling section of the circuit. Pin 23 of the sound 

!ion?| S 5 '1 ChiP CnablC> Chip Cnablc is an "live low 
signal and the P ,n is pulled high with a resistor and a 
decoupling capacitor in parallel. The configuration of the 
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^Z 0 ' o n f' l h ,eS ,he meS " ge inS, ' de ,he chi P '« be pl.ved by 
pulling of the p,n to ground. The message plavs once unle« 
'he p,„ held , ow . lrheld , ow |he ^J^ S ™ n "Z m 
repeat until ,h« pin is allowed to ge, pulled Vhigh 

to^AV, a, '' ,iVi " e ' J SeVefal Wa >" " Previously «, * 

forth. A Hall-effec, sensor below , suspended magnet m7y 

"ravels along or is jarred on a track, .he change in the 
magnet.c field from ,he magnet swaying caused H II 

•hereby initialing the chip. Therefore, the present invention 
ac " v >'«i by inenia-sensitive control. inv <n»°n 
The fifth section of the present invention is the option of 
recor dlng custom messages. "IT* chip has a buih.^S 
phone amplifier that can be used to record audio data Thl '* 
,s controlled by the st„e of the playback/record £ 

recoV. Tudio" Ch ' P , " ' hen Pm in '° rec °' d ">d ! 
word 0 as lonB >s lhe ch en 

sr:^ rs. microphone b « 2n 

Referring to FTC. 6. two microphone inputs to the ISD 

• ne two pins .re diBeremial inputs to an on-chio micro 
phon, ^preamplifier. A non-biased microphone ="^"0" 
neciert directly across the two inpuls . A 4 7 0 kOhm resist :f 

uZTr. Pml,e ' '° ' 4 7 MF "P«i'or U placedTc osl °he 
auiomanc gam control AGC input Coin 191 Th.«. . 

rc^ ihe ai " ck »j ~ 

'he internal AGC circuit inside Ihe chip. The AGC circuit 
^™li:. ,,,e »*' i,lorih - ™!«0Phone prc.^plifcr^a,^ » 

To record a new message on the chip, two pinson the chin 
are conirolled. /Chip Enable and PlaybacWRecorri l/rh 
Enable con.ro* .he stan of both the SSS^^JS^ 

whOheV n Pl ^ bjCk/Rec °^ Pi" wi.| P de y .erm ine " 

whelher a new message is .0 be recorded or ihe saved 
message played back. Pin 27 (P/R) » Mmttt hel ^^ 

low kTc k U PU " ed ,0 8TOUnd and lhe ° /CE L pu. ed 

nd"r corts'.hc I 1 ,U,0ma, , ici "y P'»«d into recordmoce '° 
ana records the analog signals in real lime picked up bv the 
microphone. Recording stops when /CE is brought high £ 
prev.o«.y mentioned, by controlling the addrt* o, to£ 
evel the oca.ionof the new message ca n be controlled such 
'hat ,. w.ll no. record over previous audio. 4S 
Due to the limited space available within model train 

pa^ssr - 

mn nC ? , 7 lUu t lri,es in "hematic form the components 

mourned on ihe untvr Prw • ^ ms 

section ift PP ^ I " e controller, IC1 ss 

' 

elecncally erasable read only memory from Nation, 

I o^o5r r - lnC - $ T Cllr, • Cilif ' ; ,he f«^ion W and 
#1 oulpu. transistors and connector section 106- the motor 
dnve transistors and filter network section 1OT " .hi nrr 
d-g^l inpu, signal conditioning comment! «c fon ^ " 
'he power supply section 109; the electrical plug to the lower 
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PCB secion 110; a shill regis le r sec.ion Ml; , n <l , H »ll 
eHec. sensor secuon 112. 

FIGS. 8A-8C illus.ra.es in schematic form .he compo- 

wn. The d.reci analog storage. DAST™, integrated crcui, 
ICS .nd assoca.ed decoupling capacitor* section 201. The 

^TZ.Tr^l'lT ° f ,hiS inVen,i0n uses 1 P »" No. 
I S L) 1 020 A for ICS from Information Storage Devices. Inc 
ianJose. Calif. The other components mounted on the lower' 
are lhe mi " ,n B ***«' 'he upper PCB section 203 an 
audio compander circuit sec.ion 204; an audio amplifier 

Down/p" r°' UnlC COmr0 ' SeC "' 0n 20 * >nd » fW 
Down/Reset Circuit section 206. 

'* HCHnnh* "° W 10 F,GS - 7A " 7C - ° per " i0n 0f lhe "PP<' 
HCB ol the present tnven.ion will be described. A bi-pola, 

XTw SU P C K iem V ° 1Uge and currem « «'«hcd ,o 
" 109 ,he J um P<=" °n J4 action 108 am i JS 
secuon ,08 are placed between pins 2 and 3 on each, In this 
configuration, the P ow er „ urce is , lso tne t|j ; , hls 

Model Rd.lr, w lm s As.sociai.on (NMRA). This is ,hc con- 
figwat-on used when the present invention is installed in a 
model ra.lroad locomotive n, car as J2 .section 109 may ,„ 

:.« wh«ls° C ' r,Ck USlng mCChlnical clcclfi «' P'ckups on .he 

Ail alternate conriguranon uses a separate pow e , source 
between 14 to ■>« volts AC or nr ^k-u source 
«.-ii..r. ino L C h,cn ,s connected to J2 

mci un 109 on the upper HCB, and the jumpers «, on 14 

» Ton 0 " h T, 15 108 ™ P,i " d P'« ' » * 

sccnon fo8 ' " * i8ni ' " a " aCned lo J3 

J»I.7dc n C "" fiP " a "° n - ' hC unfe 6 u »«° AC. DC. or 
M section 109. These fuses protec. bo.h legs of .he pow e , 
source and. to some degree, pro.ee, from shorts. oveCl 

held w irin g The power source is then passed .hrouoh a \ 

VRU^f ;^! ) ft r C,i ° n 109 '° tW0 VOl "8 e -gulafors \ 
i0 VR1 (MC7R12CT) 109 and VR2 (MC780SCT) section 109 

-o associated filter and decoupling c.paci.ors. A heat sink is 

attached to VR1 and VR2 section 109. 

The result is three power supply potentials consisting of 

• V, unrcgulned output for sourcing .he special effects 
JS outputs and motor control a.regula.ed "II 2 vdc- powers . he 

audio ampliher c.rcui.ry. and , regulated " + S vdc" to powe, 

inc logic circunry ^ 

J2t h ec, d on"!i. 5 v' Sn^ ^I ,e ' he, ' nPU ' ,hn>u * t> J3 * cl ™ °< 
U fcect.on 109 ,s hall-wave rec.ihed by Dl secon 108 

50 oTn ,h y R3 ,08 - a . nd ' s ,f,nuncii,ed b > LE ° ' 

. W f 108 - ^ °P'°-isola.or provides a safety 
n.he\ model setting. T^e Schm... trigger aspect protect 

55 SIT* c 7 re lluc 10 low level di « i, " ™«< The U,gh 
signal bus ihc opto-.sola.or in an inverted state and cn c 
a microWntroller (Id) through the Input No. 2 l. ne seciion 

The ntcro-controllcr's speed is set by a Crystal (XTAL n 
60 section 1*2 and an on board oscillator 1 ' 

There are several output lines associaled with the micro 
controlkr sec.ion 101. Two of the lincs.outpu, 10 „do p°, 

01 nd 02 secon 106. which are open drain, active Tow 
;"' 4,y ° U \Z*: funC ' i0n No 0 and Unction No I FO and 
to Rl a^d R ""."'"^ ".ve ««« .imiting re^ 
■ors Rl and R2 section 106 connected to the drain source 
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values are selected according .o .he load(s). In a .ypical 
model ra.lroacl.ng appl.ca.ion, 01 is connected .o , dishing 
Dcacon or s ""ilar device and is controlled as Fl 02 is 
connected to the locomotive headligh, and is controlled as 

NMSnTrl h W" lamp con,ro ' is baS€d "P° n lh < 
e °CC standard; however the function output can be 

reconfigured for different loads and control assignments 

.in ; ^i™ 1 " 4 SeC "' 0n 105 are »nnecied to the gales of 
clnver MOSFb I transistors, 03-Q6 arranged in an H bridge . 
configurafor. section 107 for pulse width modulated 
bi-directional control of a DC motor. A controllable filter 
ne work ts connected across .he DC motor for the modifi- 
cation of motor drive wave shapes for the suppression of 
undesirable audible noise section 107. , 

serial ™° 103 ' Shif ' regis,er seclion 111 The 
serial CEPROM con.a.ns many memory regis.ers which 
contain information thai is used lo define various operating 
charac.ensi.es of .he inven.ion. Mos. of .hese registers are ■' 

t '7<r J ,h rv.Tc " e ,e " n « l Configuration Vari- 
ables (CV or CVs). Some of the registers are sc. aside for 
apnhcahon specific uses defined by the manufacturer. Most 
of the CV s can be altered by the hobbyist through pro- 
gramrmng. The digi.al address of .he sound effect lo be 
played ,s loaded by .he micro-con.rollcr into the shift 
register section 111. 

Ou.pu, line 11 and inpu. line 3 on the microcontroller 
are >o the multi-pin plug section 110 

which routes signals to the lower PCB X 

low? r W p CB e of'?h FIG - * ,0undere,and lh < °P«"»on of the 
tower res of the present invention. 

The DAST™ chip (sound effec. chip). ICS section 201 is 

Th\ S °S ' he C ' rCUil com P°n«< on the lower PCB. „ 
The DAST'- chip ,s capable of storing between twelve M 
seconds and 120 seconds of analog da.a in a non-vola.ile 

"mTh? d«™ " K di ° effem Can be P'°6r.mmed 

inio he DAST™ ch.p. The location of the various .sound 
effects ,n the DAST™ chip are assigned by setting the n 
approbate bus on the DAST™ chip's address inputs. I 2 '° 
t.mc of recording, these address locations may be set by 
some type of development system. During playback, the 
address locauons arc se. by .he micro-controller. IC1 seclion 

When the sound effects are played back from the chip as " 5 
se. by the m.crocon.oller 1C1 seclion 101. they are played 
back through an audio compander section 204. The exoan- 
sior, does two .hings: .he audio is expanded and the signal 

"Pf"**". low-level audio noise in the system is ai.enu- 
ated givmg an improved signal-.o-noise ratio. 

The .hird section of the circuit is the audio amplifier. In a 
preferred embod.ment, the amplifier is an LM386N (IC41 
section 205. The output of the audio expander is capacity S5 
coupled to a volume potentiometer. The wiper of the po.et " 
t.oraeter .s the .nput of the amplifier. The ou.pu. of the 
amphfier ,s capac.t.vely coupled and connected to a po.en- 
tiomc.er. ^ 

The founh seclion of the circui. is .he sound effec. 60 

hX*™ Ch ' P enab ' inE SeC,i0 " 0f ,he circui «- One pin o 
"frl ' me , g 1 ra !? d f'™" < ICS > 201 is the chip 

»uL^- P h -^ (/CC 15 40 aC ' ive l0W si 8""- »nd the pin 

OU hill! I n ' f f U 4 rcS,S, ° r - enible iS «"»«««» 

outpu |,ne 11 on the m.cro-conlroller. Sound effect playback 6i 
a . initiated by .oading the appropriate address bits'imo he" 
shift register secfon 111 on .he upper PCB and then bringing 



, .no,h«, wrtteOMQ^'X'"*™""™ 
***** ,e.«n)( a,vctlV-„™' P (,C5) " ,led End of 

~ ,s;/ , ; t ,i',i^ D w f T ~ *» <'.«> ~£ 'm 

^ Now fc | cr | ( , FIC.S 9A-or j _ , i 

" opcr.i.on of .he low., PCD of h 7 "' "* 

A d.g.tal synthesizer integrated circuil IC6 in 1 

address and dau in£JL by a,lcma »cly loading 

, ° aau 'nformation into lines Dl-n« ™ \r7 

lines arc con figured as c i.h , ^ a PP ro P™e 

upon a digi I ,S,SS d -gvf f? di,J l ""^i«ion S bued 
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bi-polar transmissions of square wave pulses each contain- 
ing two equal pans: one posilive and one negative. The 
wulih of Juration or the pulse determines if ii will be 
interpreted as a digital "0" bit or a digital "1" bit. A digital 
" 1 " bit m a DCC transmission has a nominal duration of 58 5 
microseconds for each of its two parts, section 402. A digital 
■O" bit in a DCC transmission will have a nominal duration 
of 100 microseconds for each of its two parts, section 403. 
A complete DCC transmission can contain a varied number 
of bytes and is termed a packet. The one chosen for example 10 
here is a DCC baseline packet section 401 . A baseline packet 
contains four separate components, which are the preamble 
section 404. the address byte section 406, the instruction 
data byte section 408, and the error byte section 410. 

Refer alternately to FIGS. 10 and 11 wherein section 504 15 
ot the software looks at the preamble part section 404 of the 
DCC transmission. It is distinguished as a minimum of 10 
•1" bus followed by a "0" bit section 405. Once reception 
of the preamble is completed, the software will begin 10 
receive the rest nf the bytes in section 505. Next is the 20 
address byte section 406 which contains eight bits which can 
have a value of either "1" or "O" and is terminated by a 
digital "0" bit section 407. Next comes the instruction byte 
section 408 which also contains eight bits and is terminated 
by a "0" bu as well as section 409. The last byte in a baseline 25 
packet is the error byte section 410 which contains eight bits 
and is terminated by a "1" bit section 411. The "1" bit also 
signifies the termination of the packet. 

Once a complete packet is received, the software then 
checks the validity of the data by performing an error check 30 
in section 506. The error check requires thai the Exclusive- 
Or logical function be performed upon the address byte and 
the data byte. If the result of this operation matches the value 
of the error byte, the packet is valid. If the packet is rejected 
as invalid, the software loops back to section 504 to await 35 
the next preamble. 

If the data is deemed valid, it is first checked in section 
507V> see if this was a baseline idle packet. Idle packets are 
part oV the DCC standard and are often used for time delays. 
If an Idle packet is detected, the software loops back to 4 ° 
section\504 to begin receiving the next preamble as no 
turther a\tion is required. 

If the packet was found not to be an idle packet, several 
tests arc performed to determine what action is to be taken 45 
based upon the data. In each case, a failed test causes a 
branch to the next test. 

^ginning with test section 508. if it is determined, this 
data\s intended for any and all devices receiving the data; 
or as tVmed by the DCC standard, a broadcast command. If 50 
it is, a oVanch is taken at section 515. At the completion of 
the brandy the software is at section 521 of FIG. 12. The 
broadcast \ommand data is tested to see if an emergency 
stop commind has been issued at section 522. If an emer- 
gency stop command is detected, the appropriate actions are 55 
r&L y takcn to cffcc >Vi emergency stop of the model train loco- 

motive section 523. The software then branches at section 
^ 524 back to FIG, 11 at section 514 to begin receiving a new 

preamble. If the broadcast command is not an emergency 
stop command, it is then tested to sec if the present invention 60 
should be reset at section 525, termed a decoder reset by the 
DCC standard. If a decoder reset command has been 
received, the decoder is Wt in section 526. The software 
then branches at section 52V back to FIG. 11 at section 514 
to begin receiving a new pXamble. If the broadcast com- 65 
mand is not a decoder reset Vommand, then it may be a 
future command which may bc\andled in section 528 with 
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h«Jh P .' 0| T C '"'f-P be ' n8 ,aken sof < w «' 'hen 

branches . Won 529 bick 10 FIC. 11 „ sec.ion 514 " 
begin rcceiv.n^ a new preamble. 

Kcfemng now . 0 KIG. 11 ,. section 509. if .he received 

J data is no. a broadcast command, i. tests .oscc if i. is a u, Ihv 
tnstruct.on fo, the decoder or cons,sts of an instruct! J, 
■he grouping °< model tram locomo.ives. If it is. a branch ,s 
uken a, sec|10n FIG. 13 a, section 530. The da.a is 

tested ,n section 531 ,f a decoder instruction is intended If 

io " is. the specific decoder instruction is executed in FIC 13 
a. sect.or , 532. The software is then branched at section 533 
back to HO 11 ai section 514 to begin receiving a new 
preamble^ If the data ,s no. a decoder instruction (FIC 13 
sect.on 534). ,. may be » consisl instruction. If it is. several 

15 possible aeons can be taken in FIC. 13 at section 535 .o 
allow , wo or more model train locomo.ives .o he grouped 
together and func.ion in ac.ual opcra.ion as one. Once . he 
consis. ins.ruc.ion has been completed, or if .he data does 
not contain a consist instruction, a branch is taken section 

!n 536 or section 537 back to FIC. 11 a, sec.ion 514 ,o becin 
receiving a new preamble. fc 

Now referring .o FIC. 11 „ section 510. if the received 
da.a is not a decoder or consis. ins.ruc.ion. i. is tested to see 
.r it con.ams advanced operations information. If ii does a 

M branch ,s taken „ sec.ion 517 to FIC. 14 at sec.ion 538 In 
section 539. .he address ,nf 0 , mil ., 0 n comained wj.hm lhe 
recc.ved da,a ,s compared to the pre-programmed address of 
the pre.sen. .nvenmrn. If .he address do no. match.,, would 
be known ,h„ , he information was intended for some other 

M Thc vflw "< lh <" h '>»ches a, sec.ion 540 hack to 

■h ii SCC " 0n 5M '° bc8in rc « iv '"8 > new preamble If 
aincd w„h,n ,hc advanced opcra.ions packet is intended for 
this dev.ee. Advanced operations is the means by which the 
«„5 h T" S d,U ind direc " on 128 s ep 

Hid T u m "' mUm SP " d div,ded ^ lne of 
speed steps. If a model train locomotive has a maximum 
scale speed of 64 MPH and 128 step speed resolution?* ™ 

<o place, each speed s.cp is equal ,o a » MPH increment. £,s 
"2 f,ne ««"«li«n. The speed and direction infer, 

mat.on is extracted from the data in sections 541 and 542 
respectively There are .several sound effecs .o cover .he' 
operational speed range of a model .rain locomotive 

JS whe,her „eam or d.esel type. This allows ,he sounds Ren-' 
crated to closely correlate with the speed a. which a model 
train locomotive ,s .raveling f or re ,| islic opcf » ion ,„ somc 
cases, here may not be sufficient sound effects to provide for 
a l-.o-l ,,. 10 between speeds.eps and sound effecs. The end 

50 ,b " '° i" 08r,m """" """figuration vartable 

memory registers denned by the m.nufac.urer and con.ained 
within the serial EEHKOM FIGS. 7A-7C a, section 103 
These configuration variables, hen determine when a change 
« made from one sound effect to ano.her ov er lhe span of % 

" fe'rmedT , S ' CP reSOlU " 0n - chln B« divisions ar 

termed break points and are set based upon 128 speed Mep 
resolutions ,n section 543 of FIC. 14. The software then 

Further detail is offered later on FIC 19 

60 doefc 8 10 "P" " " SeC "'° n 5U - if ,he ™*** dat, 
fcMeVto 1 < 0M ™ oP«"ions information, i. ,s 
branX , " 'V ^''^ p,CkC ' If " »• lh < «o(l.l«c 
551 Z ( r eUOfl r" '° 00 16 " SCC,i °" 550 ,n «.ion 

65 da,,' 11 h 0 7'' 0n COn " ined Wi,hin ,he re «' v «<J 
tllZ C Y pared ,'° lh£ Pre-programmed address of the 
present .nOlen.ion. „ |he , Mrtssci do ™* 

known ,ha,\hc information w, s intended for some other 
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cilice. I*he software then branches to section 552 back 10 
Flffi^ 11 at section 514 to begin receiving a new preamble. If 
the Addresses match, it is known that the information con- 
tame\j within the baseline packet is intended for this device. 
The rWlinc speed and direction information is extracted s 
trom the data in sections 553 and 554, respectively. The 
b^elinfcpackei can contain speed information in either 28 
step mddium or a 14 step coarse resolution. A configuration 
variable\ is checked to see which resolution is currently being 
used in lection 555. If it is determined that a 28 speed step J0 
resolution is in effect at section 556, then the break points are 
set basd upon 2S speed step resolution and the configura- 
tion variibtcs reserved for break points at section 559. If it 
is cleterr lined that 14 speed step resolution is in effect, 
baseline lead lamp data is extracted at section 557. Then, the J5 
break po nts arc set based upon a 14 speed step resolution, 
and the c snhguration variables arc reserved for break points' 
at scctio i 558. After the break points are set for either 14 or 
28 spece steps, the software then branches at section 560 to 
FIG. 19 it section 578. Funher detail will be offered later on ,„ 
FIG. 19' 20 

Referring now back to FIG. 11 at section 512. if the 
received data is not baseline packet, it is tested to sec if it is 
a Function Group #1 Packet. If it is, the software branches 
at section 519 to FIG. 17 at section 561. In section 562. the 2 5 
address information contained within the received data is 
compared to the pre-programmed address of the present 
invention. If the addresses do not match, it would be known 
that the information was intended for some other device. The 
software then branches at section 563 back to FIG. 11 at j 0 
section 514 to begin receiving a new preamble. If the 
addresses match, it is known that the information contained 
wuhin the function Group #1 is intended for this device. The 
function Group #1 FO-F4 data is extracted in section 564. 
The data is then tested in section 565 to see if function #1 35 
should be on or if it should be off. If function #1 should be 
on. it is turned on in section 567. If function #1 should be off. 
it is turned off in section 566. Referring now ip FIG. 7. when 
function #1 should be on, output line #10 on the micro- 
controller section 101 is brought to a digital "1" state. 40 
Output line #10 is connected to the gate of MOSFET 
transistor 01 in section 106. If an external device is con- 
ncctcd across pins 3 and 4 of J6, current flows through the 
external device, current limiting resistor Rl, and MOSFET 
transistor Ql; hence, the device is on. When function #1 45 
should be off. output line #10 on the micro-controller section 
101 is brought to a digital "0" state. Current ceases flowing 
through the external device, current limiting resistor Rl , and 
MOSFET transistor Ql; hence, the device is off. Ql, Rl! and 
J6 arc in section 106. JQ 

Referring back to FIG. 17, the next aspect of software 
deals wiih function #0. Function #0 is typically used to 
conflrol a model train locomotive headlight. A configuration 
Vana xl C * Chcckcd 10 Mc if baseline operation is in effect in 
scctioVi 568. If it is, the previously extracted baseline head 55 
lamp Mata at 557 is used at section 569 to determine at 
scciionWO if function #0 should be On at section 571 or off ' 
at sectioV 572. Referring now to FIG. 7, when function #0 
should bc^on output line #9 on the microcontroller section 
101 is brbught to a digital "1" state. Output line #9 is 60 
connected h the gate of MOSFET transistor 02 in section 
106 If an external device is connected across pins 1 and 2 
of J6. currcrto flows through the external device, current 
limiting resistor R2, and MOSFET transistor 02; hence, the 
device is on. \Mhcn function #0 should be off, output line #9 65 
on the micro-coVitroller section 101 is brought to a digital 
"0" state. Current ceases flowing through the external 
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Referring now ln FIG. 19. a, ih,s point all of the dau 
required .o selec. . model .rain locomo.ive sound ed' c 
should have been received and passed. In «c"on 579 an 
appropna.e engine sound or other sound eB'ec. ,s loaded 

'° soled T,l Pf 7 i0USly b '" k P°>™ >"d received 
speed. In the case of . model .rain diesel locomo.ive j, is 
appropna.e lo .mply .ha, if a slow speed has been receded 
£en an , engine sound effee. of a diesel generaior a. slow 
rpm s .s selected. Conversely, if a fas. speed has been 

15 ™m' T a V nB ': e ^ Un " ^ U( >> high 

rpm * ,s sclec.ed. If ,hc prcscn. invcn.ion is used wj,h a 

Tunlff" 1 , r Con,wiv ' e - *P«««I ducre.e chuff 

« -Mopped, an ul.ra-low RPM idle sound eflec, is pieced If 
20 a model .ram s.cam locomo.ive is s.oppcd. a gcn.lc hissine 

sound ,s selected. If. a, , hls poin , ,„ ^ „ «, h ™°* 

selec. a model .ram locomo.ive sound effect has no. been 
ece.ved and processed, a defaul, sound effec. is selec ed n 

■ he case of a model irain diesel locomo.ive. an air release 
25 sound effec, .s selec.ed. In ,he case of a mode. Jin s'ea" 

locomo.ive. a jltam release suuml effec. is selected 

Once an engine speed sound effec. has been selec.ed ii ,s 

compared w„h, he previously .selec.ed engine speed sound 
30 L ^ or 0 "/? 0 " ' he m ° SI *ouncl X, 

^unS 1 ,"- T CffCC,> ' ' ransi,i0nal '"deration 

sound effec. * selec.ed firs. a. section SSI. The mo.ua of 

runcnon ,4 mu.e. from .he previ ous |y received fu c ion 

group », IS now checked a, 582. If func.ion *4 , s acve ° 

35 « SM u7 mC SPC - d °' aCCelcr>ll0n *>»"d effec, is loaded 
35 a, 583. ir function «4 mu,e is inac.ive. , he soflware con||n . 

eScTtZ °' ding " Cngine SpCed ° f -«'-a,,on Z'nd 
ln.*H ,h r°' " OI " SpCCd °' »««'«"' »<> sound eflec, „ 
loaded, .he sol.ware con.inues forward .o see if hieh 

.0 from"ru„ S °, Und effCC,S Sh0U ' d bC p,a * ed - Nex.. func.,on%3 
«0 from function group «| , s now checked a, section 584 If 

ici?on"s« 'if r C "' Vt - " he be " SOUnd effecl is „ 
seU.on 585. If funcuun uy is inac.ive. Ihe software W1 „ 

continue wuhoui loading .he bell sound effec. Nex. func 

«« i?r m -!;' lion Broup " now < - he<:ke < J »' 

' 2 '* aC " VC - " ft ' r,hcr is conducted ,o see 

if Ihrs is .he firs, nme luncion n has been found ,o be aciive 
a. section «7 If this is ,hc firs. ,ime funcion n VtJtZZ 

Z£T.°' * h V firS, , horn ° r whis 'l< so«"d effec, is loaded for 
model tram diesel or steam locomotives, respectively a. 

TcVr,? 9 ' H '"A 5 " 0 "" ,ime *"*"•«>" " 2 - found to be 
moll heS "° nd , horn °' wh *»' sound effecl is loaded for 
model tram diesel or s.eam locomo.ives. respectively al 

" C ''°" 5S - Throu « h .«nc.ien.iion. the model Irain en.hu. 
siasi can create realistic horn and whislle cadences. A les, is 
5 now performed ,o see if a sieam engine speed efjec, has been 
loaded at section 590. If i, is no., the las. loaded sound effec" 
« now played a, .section 592. If no sound effect have been 

font ?»n1°« « P ' ayed - W0Uld indi "'< '»»t 

runcons #2 « and #4 are .nac.ive thereby preventing .he 

0 loading of the horn, whistle, bell, and cngine speed 4und 
effects, respecvely. ,f lhe , oaded sound J M ^nd" £e 
a steam engine speed sound effect in section 590. a further 
FIGS 7A '° "* if 4 H,l| • ea ' eC, wheel «y« d -i« " 

5 is not, .he steam engine speed sound effecl is olaved ai 

ZT 5 'h 'rV a SynC dCVi " 15 P' ace - ,he "ngin 
speed sound effect ,s played upon the receipt of a sync pulsT! 
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If, however, more ihan one function is aciive and loaded for 
play-back, then more than one sound effect generating 
integrated circuit can be used in order to play multiple 
sounds at one time. After playing any loaded sound effect or 
effects, the software then branches to section 594. s 

Referring now to PIC. 20 at section 601 where the control 
of the model train locomotive motor begins, model train 
locomotives typically contain a multi-pole, permanent 
magnet, low-voltage motor. In the case of the present 
invention, pulse width modulation is used to vary the speed ]0 
and direction of the motor. The previously received speed 
and direction data is now loaded at section 602. There are 
several configuration variables which can influence motor 
characteristics. Some examples of these control variables, 
but not limited to, can include acceleration, deceleration, J5 
start voltages, motor response curves and noise snubbing. 
These control variables allow an end user to tailor a model 
locomotive's motor operation characteristics to personal 
preferences often enhancing the operation of the device. 
These configuration variables are loaded at section 603. The , 0 
loaded speed and direction data are now modified with data 
from the configuration variables at section 604. 

Referring now io FIGS. 7A-7C al section 107, MOSFET 
transistors Q3, Q4, Q5, and Q6 have their gates connected 
to the micro-controller at section 101 output lines 1-4 at -, 5 
section 105, respectively. If output lines 1 and 2 are brought 
to a digital " 1 " state and output lines 3 and 4 are at a digital 
"0" state, current flows through transistors 03 and 04 
causing the motor to turn at a speed in proportion to the 
amount of time that the transistors arc switched on. Full i0 
speed indicates that the transistors are switched on all the 
lime. If output lines 3 and 4 are brought to a digital "1" state 
and output lines 1 and 2 are at a digital "0" stale, current 
flows through iransistors Q5 and Q6 causing the motor to 
turn at a speed in proportion to the amount of time that the J5 
transistors are switched on in the opposite direction. The 
controllable filter network helps reduce physical vibrations 
created in the motor armatures due to the sharp rise lime of 
the pulses. Referring back to FIG. 20. the motor control 
aspects are contained within section 605. The software 40 
branches at section 606 back to FIG. 11 at section 514 to 
begin receiving a new preamble. 

Referring now to FIG. 18 at section 595, this is the entry 
point for an interrupt routine 596. As the word interrupt 
implies, there is not a particular branch to this routine. 45 
Whenever a sound effect nears the end of playback, a signal 
is generated. This signal triggers an interrupt and causes an 
immediate branch to this routine. This signal is then moni- 
tored at section 597 until the sound effect has completed 
playback. Once completed, the sound effect is checked to see 50 
if it should be repeated or looped at section 598. If it should 
be looped, the sound effect is replayed at section 599. Once 
the sound effect is replayed or allowed to lapse, the software 
then returns to the point of the original branch at section 600. 

Referring now to FIG. 11 at section 513, numerous 55 
configuration variables arc contained within the present 
invention. Examples of the configuration variable include 
programmable device address, volume settings, breakpoints 
and motor characteristics such as acceleration, deceleration 
and speed tables. Many of these CV's arc defined by the 60 
NMRA standards. Others are reserved for uses defined and 
specified by individual manufacturers. Configuration vari- 
ables are pre-programmed by the manufacturer with values 
which would be acceptable to many end users. However, 
some model train enthusiasts may desire to alter some or all 65 
of these configuration variables to enhance operation based 
upon unique installations. Section 513 checks to see if a 



